The influence of the extraction method on the yield and composition of extracts of Sideritis (Pirin mountain tea) has been studied. Maceration, ultrasound-assisted (USAE) and microwave assisted extraction (MAE) were applied. Total phenolics and total flavonoids were quantified spectrophotometrically, and individual compounds were analyzed by HPLC-DAD-MS n . This preliminary study reveals that the traditional way of tea preparation from Sideritis is the most appropriate in order to extract the maximum of total flavonoids and total phenolics. In the case of methanol extraction, the optimal method is USAE
Sideritis is a very popular medicinal plant in Balkan countries, used for treatment of inflammation, coughs due to colds, gastrointestinal disorders, as a stimulant and for many other purposes [1] . The chemical composition of a number of Balkan Sideritis species has been studied and the significance of flavonoids and phenolics (mainly phenylethanoids) for their biological activity (for example, antibacterial and antioxidant) was pointed out [2] [3] [4] [5] [6] . However, the influence of the extraction method on the composition of the extracts is not well known. Recently, modern extraction methods have been developed for the fast and efficient extraction of organic compounds from solid matrices, with microwave assisted extraction (MAE) and ultrasonic extraction (USAE) among the most promising for natural products [7, 8] . The aim of the present study was to obtain extracts of Sideritis (cultivated hybrid S. scardica x S. syriaca [9] ), using different methods: maceration, USAE and MAE, to discover the best conditions for extracting flavonoids and phenolic compounds. Of particular interest also was to specify the most effective way to prepare the traditional herbal tea in order to achieve optimal extraction of the active constituents. For this reason, extraction with methanol and with water was studied.
Methanol extraction was performed using maceration, USAE and MAE. The extraction effectiveness was evaluated by yield of extractive and the yield of biologically active components: total phenolics and total flavonoids, determined spectrophotometrically, as well as the yield of individual flavonoids analysed by LC/UV-DAD/ESI-MS n . The first task was to determine the optimal ratio of plant material -solvent (w/v). Ratios of 1:15, 1:30 and 1:50 were tested (maceration, room temperature). The increase in the solvent amount led to a substantial increase in the extraction yield, but surprisingly, the effect on the extraction of active constituents was much less dramatic and extraction of flavonoids was only weakly affected (Table 1) . Based on these results, we decided to carry out the study on effectiveness of different extraction methods using a plant material-solvent ratio 1:15. USAE with methanol was performed at 25 o C and 50 o C and the effect of extraction time was determined. The results are shown in Table 2 . The influence of temperature was obvious: at 50 o C the extraction yield and the amount of extracted flavonoids and phenolics increased significantly. The increase in the yield of total NPC Natural Product Communications 2010 Vol. 5 No. 1 51 -54 MAE protocol was also tested for methanol extraction. The irradiation time was maintained for 10 s, and then the sample solution was cooled for 10 s between the irradiation processes. Different numbers of irradiation/cooling cycles were applied, using two power levels. The results ( Table 2 ) indicate that more than 3 cycles of 10 s did not result in increase of either extraction yield or yield of bioactive constituents. In the case of longer MAE times, the yields of phenolics and flavonoids decreased. Presumably, the high energy influx leads to chemical changes (most probably oxidation) of the phenolics, including flavonoids, and to the lower amounts of these substances detected in the extracts. Increase of the power used in MAE resulted in a higher percentage extraction of bioactive constituents, but the difference was not statistically significant. The comparison between maceration, USAE and MAE is illustrated in Figures 1a and 1b . The data presented in these figures correspond to the highest yields of bioactive compounds obtained by either method. Maceration (material/solvent 1:50) gave the highest results for total phenolics. On the other hand, USAE led to extraction of the highest amount of flavonoids. Taking into consideration that the maceration procedure takes 24 h and 50 mL/g solvent as opposed to 1 h and only 15 mL/g solvent for USAE, it is obvious that the optimal procedure for methanol extraction is the USAE.
In order to better understand the results of extraction by different methods, the major flavonoid constituents of the extracts were analyzed by LC UV-DAD/ESI-MS. The following were identified: chlorogenic acid (1), isoscutellarein-4'-methyl ether (7) . Identification of compounds was performed based on their MS n fragmentation patterns and data about previously isolated compounds from the same Sideritis cultivar (unpublished results). The data are represented in Figure 2 . It is interesting to note that MAE led, in general, to extraction of higher amounts of flavonoids, except flavonoids 2 and 4.
The other aim of this study was to find the most effective way to prepare "mountain tea" from Sideritis. Three methods for tea preparation were studied: the traditional pouring of boiling water on the plant material and extraction for 10 min (infusion), boiling the plant material for 10 min with water, and MAE with water (see Experimental). The traditional procedure clearly Influence of the extraction method on the yield of phenolics gave the best results in terms of the amounts of total extract, phenolics and flavonoids ( Table 4 ).
The profile of the major flavonoids in the extracts, obtained by LC/UV-DAD/ESI -MS, is shown in Figure  3 . It is interesting to note that the infusion contained the highest amount of flavonoid 4, but the lowest amounts of 5, 6 and 7 compared with the two other extracts, and no 3 at all. Although MAE leads to lower amounts of total flavonoids, it results also in a more uniform extraction of different individual compounds. This preliminary study reveals that the traditional way of tea preparation from Sideritis is the most appropriate in order to extract the maximum of total flavonoids and total phenolics. In the case of methanol extraction, the most efficient method is USE. .
USAE:
Each sample (dried and powdered plant material, 1 g) was mixed with 15 mL MeOH (liquid/solid ratio 15:1 mL.g -1 ) in a conical flask, which was immersed in an ultrasonic bath and extracted for either: 5, 15, 30 or 60 min at 25 o C and 50 o C. All the experiments were repeated twice.
MAE:
A household microwave oven (full power 800 W) was used at 160 and 400 W. Dried and powdered plant material (1 g) was mixed with 15 mL MeOH (liquid/solid ratio 15:1 mL.g -1 ). The suspensions were irradiated for the following periods: 10 s power; 3 x 10 s power; 6 x 1 s power, 9 x 1 s power (10 s for cooling between irradiation periods). The power levels and the number of irradiation steps were selected to avoid super-boiling of the solutions. Each extract was filtrated and evaporated. All the experiments were repeated twice.
Tea preparation: 1. Traditional recipe: 1 g dried ground plant material was flooded with 100 mL boiling water for 10 min. 2. Alternative recipe: 1g plant material was boiled for 10 min with 100 mL water. 3. Microwave-assisted tea preparation: 1 g plant material was mixed with 100 mL water and heated in microwave oven for 3 min at 400 W. Each water extract was filtrated and evaporated. All the experiments were repeated twice.
Total phenolics quantification:
An aliquot (1 mL) of each extract was transferred to a 50 mL volumetric flask, containing 15 mL distilled water. To this were added 4 mL of Folin-Ciocalteu reagent and 6 mL of 20 %, w/v, sodium carbonate solution was added and the volume made up to 50 mL with distilled water. The sample was left for 2 h and the absorbance at 760 nm measured. The calibration standard was caffeic acid. For each extract, 3 measurements were performed.
Total flavonoid quantification:
An aliquot (2 mL) of each extract, 20 mL methanol and 1 mL 5% AlCl 3 in methanol , w/v, were mixed in a volumetric flask and the volume made up to 50 mL with methanol. The mixture was left for 30 min and the absorbance at 425 nm was measured. The calibration standard was rutin. For each extract, 3 measurements were performed.
LC/UV-DAD/ESI-MS n analyses:
Chromatographic separations were carried out on 250 mm x 4 mm, 5 μm RP-18 LiChroCART column (Merck Darmstadt, Germany), protected with a LiChroCART guard column (4 mm x 4 mm, 5 μm RP-18 particle size, Merck Darmstadt, Germany). The mobile phase consisted of 2 solvents: water-formic acid (1%) (A) and methanol (B). A linear gradient starting with 20% B was installed to reach 50% B at 25 min and 95% B at 60 min. The flow rate was 0.7 mL min -1 and the injection volume 80 μL.
The HPLC system was equipped with an Agilent 1100 series diode array detector and ion trap mass spectrometric detector in series (Agilent Technologies, Waldbronn, Germany). It consisted of a G1312A binary pump, G1313A autosampler, a G1322A degasser and G1315B photo-diode array detector, controlled by ChemStation software (Agilent, v.08.03). Spectral data from all peaks were accumulated in the wavelength range 240 -400 nm and chromatograms were recorded at 350 nm.
Mass detector: G2445A Ion-Trap Mass Spectrometer equipped with an ESI system and controlled by LCMSD software (Agilent, v.4.1). Nebulising gas: nitrogen at 65 psi, flow 11 L min -1 . Heated capillary 350 o C, voltage 4 kV. Full scan mass range m/z 100 -1200. Collisioninduced fragmentation experiments were performed in the ion trap using He as collision gas, and voltage ramping cycle from 0-3 up to 2 V. Maximum accumulation time of the ion trap and the number of MS repetitions to obtain the average MS were set at 300 ms and 5, respectively. MS data were acquired in the negative mode. Identification of compounds was based on MS n fragmentation patterns. Flavonoids were quantified by comparison with rutin as external standard using the DAD chromatograms at 350 nm.
